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APPARATUS _FOR IS\TLATAION:.ND PURIFICATION

nusmennonrelmtoanappamtmfor:solahngandptmfymgbmlogany
active compounds, ﬁxenseofwhmhprov;desfastermdmcresmsxuveanalyss&zm

| previauslyavaﬂab]e.

BACKGROUEQ OF THE INVENTIOE

" from their niative fluids, e.g,bloodsermaswe‘ﬂasceﬂular(mamahan,

microbiological and other) extracts, lysates, enzymatic digests, bwmctm:sandcen
cuitures. Examnples of such compounds are enzymes, proteins, drugs, peptides, nucleic
acids, antigens, antibo&eandcomplexesofsuchcompounds e.g,ummmecomplexs

e anngen-am:ibody pairs).

and other matrices. Anﬁxsedencesreqm:eposmvepresmetoforcethehqmd
through&lesmnonaryphase,ﬂmtdomnwsmungtheuseofpmpsandhqmd
chromatographic instruments. These procedures require more time, preparation and
skﬂledattamontoobtamgoodnsultsﬂmnxsd&mable. Further, the simultaneous

mumgoflargennmbexsofﬁmpls:snotpo@le.

* One practical and extensively used purification is that of murine monodonal
antibodies from ascites fluid and/or hybridoma cell cultitres, In résearch monodlonal
antibodies are used for the isolation of biclogically active compounds from cellular
extracts and other applications such as characterization of isolates. In other instances
they are used for identification and diagnostic purposes. Farthermore, quick and small
aliquot sample preparations are required for analysis and qualification of the |
monodonalanﬁbodxesbeforethersmcherscz]esupﬂzepmﬁmnontolarger
quantities of antibody from the cultures and/or ascites fluids. Research laboratories
spendadmpmpoﬁamteammtofmneande&oﬁfor&mabovedscﬁbedprocesse
with presentiy-availabe technologies of affinity purification, using bacterial extracts
such as staphylococeal protein A as the ligand on affinity matrices mentioned above.

Another example is the isolation of immune complexes from patient serum

samples and consequent purification of the antigen from the isolated immune complex.

A practical methiod for isolating rare biologically active compounds is
immunoprecipitation, in which iz vitro imumume complexes are produced in complex
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m&m;fqﬁbwedbyisohﬁmwithpmtein&&mpuﬁﬁcaﬁqnoftheanﬁgmand
antibody components using ultrafiltration. . :

Tests for immmmne complexes should be sensitive, specific, and reproducibie. It
hasbemmtedthatbydisoaanngmmmecon:plecesthroughaudlﬁcaﬁmand
nﬂaoﬂ&aﬁonofﬂtepaﬁmfsseta;thehddmééandﬁterof&ts*gmﬁbodi&shavebem
significantly augmented. Pre'viousme&todologyusedaslanda:dnlg'aﬁltraﬁon
chamber fitted with a 100,000 MW cutoff membrane. A drawback of this technique,
iwwever,isthatﬁiaks_betwém@mdnhousmprogssasmgiesmspedmm

In conventional affinity membrane applications it is important to control the rate
of fluid passage through the membrane to allow the biclogically active compound to
bind. This is difficult to do, however, if using conventional means to move the fluid
&moughﬂ;enmmbmne,suchasipr&ssmemvapumumdhigblyﬁnpmc&mﬁomake
inexpensive, disposable devices using the pressure or vactimi i design principle. The
equipment used employing these conventional techniquiés alsé requires more skil and
effort to perform the analyses than is desirable. Alss, such existing methods are not
easily adaptable for multi-sample processing; or to antomatici. -

It is therefore an object of this invention to provide a simple, reproducible and,
inexpensive method for isolating and puxifying biclogically active compounds from
ﬂuidoqmixﬁngthm(aﬁdandeﬁcegq;daﬁigso)ﬂntisﬁsmmpﬁorme&mdsand»
multi-sample processing or automation. : S

SUMMARY OF THE INVENTION .

mprsa:tmvalﬁonrelatstoacentn’fugal device for preferentially removing
biologically active compounds from a fluid, comprising at least one capture unit -
compﬁsinga)muppachamberformﬂfuidbbe&eate&b)alowuchambam
fluid communication with the upper chamber, forreoeivingﬁlmte, and <) a porous
capture membrane layer disposed betwesenﬁze l:l:pper and Iower chambers, the
manbrmelayerhavingﬁgandsifcrpiefeﬁénﬁanybipdingabiologimﬂy active

’I‘hemvermorxfur&xerrelatsto gme&mdc_:fpuﬁfyingbiologiany active
compounds comprising the steps of a) providingacentcifugal device for preferentially
removing Biologimny active compounds from a fluid, the device comprising at least
dneca‘puueux;jtooﬁtpﬁsinganuppwchambgrforreceivmgﬂuid to be treated; a lower
chmbérﬁiﬂuidmmmm&mﬁonwiq;;@enppachambatforrec&vhgﬂ&a&;anda
pommappuenmbmehyadispwedbetwm&zeuppaandlowachambem,_ﬂte
membrane layer having ligands for preferentially binding a biclogically active

' compound; b) adding a fluid sample to ?ﬁe upper chamber and centrifaging the capture

-2- .
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devicetoprdduoea&te,c) removing the filtrate from the' ower chamber; d) treating
the porous capture membrane layer with an elating solvent so as to elute the
biologically active compound off the porous membrane layer and e) centnfugmg the
capture device to produce an elaent

' DE§CRIPI:IO§ OF THE DRAWINGS
Figureldeplctsanembod:mentofadmceac:ordmgtothemvemwn,m

: longu:udmal cross-section.

DESCRIPTION OF THE INVENTION

Our invention relates to devices, systems and methods for purifying biologically
active compounds. An exemplary embodiment of our device is shown in longitudinal
cross-section in FIG. 1. Device 10 (hereinafter termed "cenirifugal device®) comprises
upper chamber 11, into which fuid sample to be processed is placed. Upper chamber
11 is defined by the substantially cylindrical wall 13. At the upper edge of wall 13 is
found cap 18, which protects the contents of upper chamber 1. Cap18canbe, eg.,
snap fit on or attached by a screw thread.: At the Iower edge of wall 13 is a capture
membrane locking sleeve 16, which securely sandwiches capture membrane layer 15
between the interlocking locking sleeve 16 and chamber end cap 17. Capture
m&mbmnéhye:ﬁ&ms‘formasahipemwblelﬁ:ﬁabehweenuppadtambernmd
lower chamber 12, wl'udlhasadosedmdtoformaﬂmdreceplade. The membrane
mayalsobesecuredbyotherconvenhonalmeans,e.g by using an o-ring.

Chamber end cap 17 is designed to frictionally fit into cup 14, which defines
lower chamber 12. Inﬁusmam:ertheem:reumtmaybeplacedmmacentufugeshmld

 for centrifugation. When device 10 is spun i the cexifrifuge, fiutid sample is pulled from

upper chamber 11 t0 lower chamber 12 through capture membrane layer 15. The
ﬁltrate&mspmducedmcup14maythenbedecanbedbydetachmgﬂ1ecap

Thecapmremembranelayensaporousmembmnehavmghgandsfor
prefetezmanybmdmgabmlogtmﬂyad:vecompormd. (The word *membrane® as used
herein is meant to not only refer to true “membranes”, but to all forms of porous planar
filter media, e.g., papers, etc.) Theczpturemembmnemaﬁenalmaybeanymatenal
smtedtoﬂusptnpose,themembranes,andmeansforcoup]mghgandsw (Factivating™)

. the membranes are well-known, for example, cellulésic, nylon, and polysulfone

membrane materials. Thenatureofthemembxanelsmpuﬂantmammmhasxtshodd

be fairly inert with respect to the solvents used, and the biclogically active compounds

of interest, and must allow for the ligand attachment. The pore size of the membrane

material is dependent on the particular bxologrmny active compound sought to be

isolated, but, in general, the average pore size rmust be at least large enough to allow

unwanted components to pass through the metmbrane layér. Membrane materials that
-3- :



10

Wo'skirssi ' . PCT/US9S04176

we have found useful, ‘gl.enotmdedmbelimimtg,maybefomtmeableL '
Miaoﬁltrauonanduluaﬁ‘luauon('UF')typemgmbramsarepmfened with
m:croﬁltrahonmembranesparhcularlyprefmed.

TA‘BI.EI
Membrane Name® Membrane Type MWGCOT Classification
YCO5 Celldlosic ~~- 500 ~ Ultrafiltration
YM10 " ..-.10000 "

YM30 = 30000 "
YM100 " - 100000 "
PM10 Polysu].fone 10000 "
XM50 . DYNEL™ 50000 =
GLS.2 Polysu.lfone" 02uf - MEcrofiltration
GLS45 o45pf =~ "
“Bio-38" Cellulosic, - Suf - - - "

*Amcox,luc..BzvmrMass. g 1mnle:u]arwexghtcutnff favg. poresxze

Ihemo:emtporlantﬁcbormselecungampturemembmnehyensthe :
bxologlczlly acuvecompounds&mselves,becausethenatnreof the compounds will
mosti e a) the particular ligand to be attached to the membrane and b) the -
membrane material to be used. The choice of ligand is more important because the.
camplexwﬂlnotbmdtothemembraneotherms& Exemiplary ligands, are shown in

Table II. Other ligands; orcombmatwnsthexeof,maybeamvedatbythoseofordinary
skill in the art.
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'Ihelsolaﬁon or plm'.ﬁ.cationofbiologimny active oompounds according to our
imvention may be carried out as follows. Fluid; for example, blood serum, containing
the biologically active compound(s) of interest is first Placed into the upper chamber of

- our centrifugal device generally described above., Thedeviceisth_enplacedirtba

producing a filtrate. The biologically active compound(s) will preferentially bind to the
membrane. TheopﬁmalcentriﬁxgeﬁmeandspeedmaybechosenWi&mutmucheffort;
attool'lighasPeed,itmnbeanﬁdpabedthatsomeofthebiolog'callyac&vecompounds.
ofhuerstpasmgﬂmonghthemembraneboquickly,wmnmmdandwmbelostm
the filtrate. It is therefore advisable to use a slower speed initially and gradually work
the speed up in subsequent runs if desired. Ihecentn‘fugaldeviceonlyneedstobe
spmﬂougenoughtoremoveﬁqxﬁd&omﬂleupperchambecwhenemployingan
ultrafiltration membrane, however, the membrane must be left moistened.
Temperature-sensitive samples may be processed in a temperature controlled

centrifuge environment if necessary.
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_ The device may then be removed and the capture m > preferably washed
totem&véﬁriboundcompounds,ivi&zoneorseveralvolumes (each wash volume
preferably roughly equal to the fluid capacity of the upper chamber) of, e.g,, DI water or
a neatral buffer solution, with centrifagation following each wash. The fitrate and
mshsmybesavedmdismdedasnm&’tybydm&mg&empmmebo&omof
the uniit, decanting the fluid and reattaching the cup.

After this, the capture membrane is treated with an eluting solvent to elute the
biologically active compounds off the miembrane. The eluting solvent chosen is
dependentonﬂ:enatureoftheligandmdligaxe,and&leselecﬁonofﬂ\esolvenxmay
be done by those of ordinary skill in the art. The capture device is centrifuged again;
the biologically active compound is eluted off the membrane and passes through the

- filter into the Iower chamber as the filtrate.

Itshouldbenoted'thatﬁleembodimemdthedevicedacnbedabovemaybe
reconfigured into many different embodiments and combinations. Likewise, the
method of the invention may be employed in combination with other analytical tools to
achieve a particular end. For example, the device described above could be configured
ﬁ'omasinglembe-typeappanmstmoatmﬂaryphtecmnaimngansmmayof
“upperd;anﬂnﬂWeﬂs(ia,mﬁteslandard%wenphtewnﬁgmﬁon)mmdermuse
the variety of equipment and methodologies, e.g., centrifuges, plate readers, that
support the format. Contitnﬁngfurﬁlerwiﬂittﬁsexample,tbjs"caphzreplate"would
snap onto or otherwise cooperatively attach to a standard 96 well plate to allow
individual centrifugal isolation or purification as previously described herein.
Fur&m-more,capumphteshzvhgdifferaumpmemembmnehyersspedﬁcfor
different biologically active compounds could be stacked on top of one another to
isolate each biologically active compound from the other, thus reducing several -
separations to one. In another embodiment along these Lines, the bottommost capture
phtecouldbemdehavﬁigcapturemembranesineachwenwhichmaybeusedfor
membrane-bound ELISA assays. ' '

The device described in FIG. 1 above could also be configured to stack "upper
chamber* units in one "single-position" device to isolate different biologically active
compounds from a fluid in one step, as in the 96 well capture Pplate just described. ‘Such
a capture device would have a greater capacity for each biologically active compound,
and, with an appropriate variety of capture membranes, would allow the researcher to
castom configure a device for his or her own requirements. The advantage that all
these 'stackable' embodiments of our invention share over current affinity membrane
methods, i.e., vacuum, positive pressure or gravity puil through the membrane, is that
the force pulling the sample through the membrane will be equal in each "upper

-6-
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chamber" wluchxsc.alfotensmgeqaahtyofmaasuagr and&mscor\S!stency
ofbxologl.callyactwe OpOT rete:man,overeachczphnenmnbranemﬂaedewce

OnefurtherconvauenfadvamageoftheembodmmshowanIG.lxsthat
elution of the biologically active compound(s) retained on the membrane may be done
bynwerungﬂwmutaddmgdumgsolvemwthereceptadefomedbythecylmdmzl
wall of chamber end cap 17, andcem:dfugmg&nemvertedmutsoastoelutethe
retained compound into the cap 19.

-7-
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eferentially removing biologically active
compounds&omaﬂmd,oompnsingatleastonecapun'enmtcompnsmg
a) anupperchamberforrece:vmgﬂmdtobetraﬁed, :

- b) alowerchambermﬂmdmnmuuﬁcauonwzthsaxdnpperdmmbm- for

caph membrane layer d:sposed betweeu wd upper and
lowerchambe:s mdmembmnelayerhavmgh@ndsforpreferenhany
bmdntgabxdogmmﬂym:ﬁvecmnpound. e ,

Thé device of claim 1 wheransaxdmpturemembmelayer comprises a
phnalnyofmembmnsmastack '

Thedevzceofdamlwheremsaidmpumamembranelayer:sof&xe
microfiltration type.

Thedewceofdamlwheremsa:daptmemembmnelayer:sselechedfmm

the group consisting of cellulosic, nylon, andpolysulfonemembrane
materials.

Thedevxceofda:mlwheremsmdhgandsareselectedﬁ'omﬁlegmup
consisting of protein A, protein G, lectins, antibodies, antigens, chiral

moieties, strep-avidin, biological complexes, a—chymotrypsm, nucleic acids,
and combinations thereof. .

 The device of claim 1 compnsmgaplm'ality of said capture units.

'IhedevzceofdamGWhexemmdapturetmnsarelaxd outmaplanar
8x12army ' . : ,A

The device ofdéﬂhlwhmsadlowachmmmmadosed
endsoastofoun_areceptade. :
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Ameﬂzodofpudfymgbiologianyac&vecomds mprisin _thesbeps

of "

a) providing a centrifugs devioeforpreferennanyremovmgbiologlcaﬂy
acuvecompounds&omaﬂmd,wddevwecompnsmgatleastone _
aptnremntcompnsmgl)anuppe_r‘ ﬁor‘récgivhjgﬂnidwbe
treated,Z)anwerchamberinﬂmdcommmmznonwxﬂasa;duppet
chamber forrece::vmgﬁltmte.and&})aporoﬁs taptureme:rzbranelayer
~-‘1ayerhavmghgandsf0r refereritiall 'bmdingab:ologlcaﬂyact:ve :
compound;

b) addmgaﬂmdsampletnsmduppachambermdcenmfugmgwd
ca:unfugaldevmetoproduoeaﬁm, __

¢) removing said filtrate from said lower chamber;

d) treatmgsaxdpomuscaptnremembranelayerw:ﬂ\andntmgsolvent
soastoelutesaxdbwlog:mﬂyacuvecompoundoffsaxdporous
membrane layer; and

e) cenmfugmgsaxdoemnfngaldevxcetoproduceaneluent

The method of claim 9 wherein said membrane Iayer oompnses aplmahty
of membranes in a stack.

Themeﬂxodofda:m9whezemsa1dmembranelayensofthe

microfiltration type.

lhemedwdofdaﬁn9whereh\sidcapﬁiréﬁﬁembranehyeri55elected
from the group consisting of cellulosic;, nylon, and polysulfone membrane -
- ] . . . b . N .

Themethodofdaanwheremmdhgandsareselecbed&omthegmup
consisting of protein A, protein G, lectins, antibodies, antigens, chiral
moieties, strep-avidin, biclogical complexes, a—chymotrypsm,nndetcaczds,
and combinations thereof

The method of claim 9 wherein said device comprises a plurality of said
capture units.

Th.emethodofdamléwhexemmdczptmeunﬂsarelaxdoutmaplanar
8x12 array.
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A system for preferentially removing biclogically active compounds from a
fluid, comprising
a) acemnfngaldevzceoompnsmgatleastommptmeumtcompnsmg
- an upper chamber for reces \';_i_:'ﬂmdtobetrmhed,
- alowerchambermﬂmdoomnmcauonm&lwdupperchamber
forrecetvmgﬁlt:ate,a-nd
- a porous membrarie layer disposed between said upper and lower
chambers, wdmembmnelayerhavmghgandsforpreferem:ally
bmdmgabxologxmnyacuvecompound,
b) and a centrifuge.

The system of claim 16 wherein said capture membrane layer is selected
from the group consisting of cellnlosic, riylon, and polysulfone membrane
materials. :

The system of claim 16 wherein said ligands are selected from the group

consisting of protein A, protein G, lectins, antibodies, antigens, chiral
moieties, strep-avidin, biological complexes, a—chymotrypsm, nucleic acids,
and combinations thereof.
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